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Introduction
The group 1 tetra(group 13) hydrides MEH4 (M = Li, Na; E = B, Al) have long been studied due primarily to their effectiveness as reducing agents. [1] [2] [3] The borohydride derivatives in particular are attractive for such transformations as a consequence of their selectiveness towards certain functionality. In general, the aluminohydrides are much less selective although their selectivity can be improved slightly by for example carrying out reactions in pyridine (py) so that an intermediary solvent separated ion pair complex, [Li(py) 4] + [Al(1,4-dihydro-py)4]¯, [4] [5] [6] Lansbury's reagent, is generated which is more discerning in its reducing capability (figure 1). These tetrahydride materials have also garnered more recent interest in energy storage [7] [8] [9] on account of their high gravimetric hydrogen content which passes the threshold of the US Department of Energy recommendation of at least 6.5 mass% hydrogen for a material to be considered as a viable potential hydrogen storage material.
[10] We have recently utilized the tripodal tetraamine tris(N,N-dimethyl-2-aminoethyl)amine (Me6TREN) as an effective donor for stabilizing highly reactive organometallic species and found that part of its appeal is its ability to alter its coordination profile to suit a particular metal, with the full set of  metal and its ligand(s) together. Our background in this area, coupled with our ongoing interest in group 1/group 13 ate chemistry, [17] [18] [19] [20] [21] [22] prompted us to study the series of Me6TREN solvated monomeric complexes of the group 1 tetra(group 13) hydride species mentioned above, which we have characterized in solution and where appropriate in the solid state and present herein.
Results and Discussion

Molecular structures of MEH4 complexes
Crystalline complexes of the lighter alkali-metal borohydrides were obtained by refluxing them in THF solution in the presence of two molar equivalents of Me6TREN. Slow cooling of this solution yielded X-ray quality colourless crystals which were confirmed as being contacted ion pair monomeric adducts of formula MBH4·Me6TREN (M = Li, 1; Na, 2) by X-ray crystallography (figure 2, pertinent bond parameters are in table 1).
Figure 2
Molecular structure of LiBH4·Me6TREN (1) . Ellipsoids are displayed at 50% probability and all hydrogen atoms except those of borohydride are omitted for clarity. Symmetry operations to generate equivalent atoms labeled ': 1-x, x-y, z; ": 1-x+y, 1-x, z. Since NaBH4·Me6TREN (2) is isostructural it is not shown for brevity. Symmetry operations to generate equivalent atoms labeled ': 1-y, 1+x-y, z; ": 1-x+y, 1-x, z. Interestingly, this value in 3 is longer then Al-Hbridging distance and is close to the Al-H distance in the polymeric unsolvated LiAlH4 (average 1.55 Å). [35] The Li···Al separation at 3.416(5) Å is longer than those reported for complexes A or B An X-ray crystallographic study of 4 confirmed a monomeric complex, however disorder in the Me6TREN ligand meant we were then unable to locate the hydride ligands so the bonding motif linking Na + and (AlH4)¯ could not be discerned.
IR and NMR spectroscopic studies
IR spectra of complexes 1-4 were recorded as Nujol mulls ( figure 5 ). In the cases of 1 and 2, the B-H stretching region confirmed the presence of such functionality although the spectra themselves were somewhat different despite their comparable solid state bonding; complex 1 displaying only a broad band while complex 2 displayed better resolution. Likewise, the spectra of 3 and 4 differed with only a sharp single band seen for 3 while two bands were visible for 4. Unfortunately, mirroring the work of Nöth, it was not possible to unequivocally assign a specific bonding motif between EH4 and M based on IR data. This coupling in alkyl borane functionality is often not resolved but instead only seen as a broad signal due to partially relaxed 13 C-11 B scalar coupling. [41] The values are consistent with other four coordinate boron complexes displaying an sp 3 -sp 3 bond, such as LiBMe4 (39.4 Hz) [42] and lower than sp 3 -sp 2 bound complexes such as NaBPh4 (49.5 Hz). [43] Mirroring the situation with complexes 1 and 2, IR spectra of complexes 5 and 6 clearly displayed stretches consistent with B-H functionality but there was nothing indicative of the specific bonding mode between the boron-centred complex anion and the alkali-metal cation.
Conclusions
The ability of the tripodal tetraamine Me6TREN to stabilize monomeric derivatives of the lighter alkali-metal (Li, Na) complexes has been reinforced and exploited to isolate crystalline samples of the borohydride and aluminohydride anions BH4, BEt3H 
Experimental
General experimental
All reactions and manipulations were carried out under a protective dry argon atmosphere using standard Schlenk techniques. Products were isolated and NMR samples pre-prepared in an argon-filled glovebox. THF was dried by heating to reflux over sodium-benzophenone and distilled under nitrogen prior to use. Me6TREN was prepared according to a literature method. [44] The solids LiBH4, NaBH4, LiAlH4, NaAlH4, LiBEt3H (1.0 M in THF) and NaBEt3H (1.0 M in toluene) were purchased from Aldrich and used as received. NMR spectra were recorded on a Bruker AVANCE 400 NMR spectrometer, operating at 400. C spectra were proton decoupled. 1 H and 13 C spectra were referenced to the appropriate solvent signal. 7 Li, 11 B and 27 Al spectra were referenced against LiCl in D2O at 0.00 ppm, BF3·OEt2 in CDCl3 at 0.00 ppm and AlCl3 in D2O at 0.00 ppm respectively.
Elemental analyses were carried out on a Perkin-Elmer 2400 elemental analyser. IR spectra were obtained on a Perkin-Elmer Spectrum 100 FT-IR spectrometer.
X-ray crystallography
Crystallographic data were collected on Oxford Diffraction instruments with Mo or Cu K radiation. Structures were solved using SHELXS-97, while refinement was carried out on F 2 against all independent reflections by the full-matrix least-squares method using the SHELXL-97 program. All non-hydrogen atoms were refined using anisotropic thermal parameters. For the BH4 and AlH4 anions all H atom positions were freely refined.
Table 3
Crystallographic data and refinement details for complexes 1-3. 
NaBH4·Me6TREN (2)
The same procedure as 1 was followed using NaBH4 (38 mg, 1 mmol) giving X-ray quality colourless crystals (176 mg, 66 %). 
LiAlH4·Me6TREN (3)
The same procedure as 1 was followed using LiAlH4 (76 mg, 2 mmol) and Me6TREN
(0.52 mL, 2 mmol) giving X-ray quality colourless crystals (351 mg, 65 %). 
NaAlH4·Me6TREN (4)
The same procedure as 1 was followed using NaAlH4 (108 mg, 2 mmol) and Me6TREN (0.52 mL, 2 mmol) giving X-ray quality colourless crystals (314 mg, 55 %). 
